Objective: Muscle mass plays an important role in determining cardiovascular and metabolic risks in polycystic ovary syndrome (PCOS). In addition, whether lean mass influences carotid intima-media thickness (IMT) in PCOS has not been assessed. Design: Prospective investigation. Methods: Ninety-five women with PCOS were age-and weight-matched to 90 ovulatory controls. All women had dual X-ray absorptiometry for lean, fat and bone mass, and bone mass density (BMD). Serum testosterone, sex hormone-binding globulin, insulin, and glucose and carotid IMT were determined. Free androgen index (FAI) and insulin resistance (by QUICKI) were calculated. Results: In PCOS, waist circumference and insulin were higher and QUICKI lower than in controls (P!0.01). Trunk fat mass, % trunk fat, and lean mass were higher in PCOS compared to controls (P!0.01), while total bone mass and BMD were similar. IMT was increased in PCOS (P!0.01) but only 15% of PCOS patients had abnormal (R0.9 mm) values. Lean mass correlated with fat parameters, insulin, QUICKI, and FAI, but not with total testosterone; and after adjustments for insulin and QUICKI, lean mass still correlated with fat mass (P!0.01) but not FAI. Lean mass correlated with IMT (P!0.01), but this was dependent on insulin. However, excluding those patients with abnormal IMT values, IMT correlated with lean mass independently of insulin. Bone mass correlated with lean and fat mass, but not with insulin or androgen. PCOS patients with 'pathological' IMT values had higher % trunk fat, lean mass, and insulin, lower QUICKI, and higher testosterone and FAI compared with those with normal IMT. Conclusion: Lean mass is increased in PCOS, while bone mass is similar to that of matched controls. The major correlates of lean mass are fat mass and insulin but not androgen. Lean mass also correlated with IMT, and although influenced by insulin, small changes in IMT may partially reflect changes in muscle mass, while clearly abnormal values relate to more severe abnormalities of PCOS.
Introduction
In recent years, many studies have focused on fat quantity and distribution in women with polycystic ovary syndrome (PCOS) (1) (2) (3) (4) . These and other studies have shown that increased abdominal fat is an important determinant of increased cardiovascular and metabolic disease (4, 5) . Most studies have shown that increased abdominal fat is present not only in the majority of women with PCOS who are obese but also occurs in overweight and normoweight women with the syndrome (1, 2) .
However, there is a paucity of data on other components of body structure and their possible effects on cardiovascular risk in PCOS. In particular, data on lean muscle mass in PCOS are few and contradictory.
It has been shown that obese women also tend to have increased lean mass (6) ; this trend may be higher in women with PCOS where other factors such as obesity, insulin resistance, and androgen excess may also contribute to increasing lean mass. In fact, initial studies evaluating lean mass in Japanese women with PCOS have suggested that there is some degree of increased muscle mass in PCOS (6) , which was considered to be related to the androgen excess of these women (7, 8) .
On the contrary, in another study, lean mass was reported to be reduced (9) . In that study, body composition was measured only in a small group (nZ10) of lean women with PCOS. Finally, lean mass was found to be decreased in another small (nZ22) study of hyperandrogenic insulin-resistant young women (aged 17-21 years), who were selected on the basis of having a normal body mass index (BMI) (10) .
The studies cited above did not critically assess lean mass in the typical population of women with PCOS who are predominantly overweight or obese (11, 12) . Since lean muscle mass contributes significantly to metabolism, and represents one of the major targets of both insulin and androgen action (13) , this determinant may be an important parameter of body composition to assess in PCOS.
The importance of determining muscle mass in PCOS has been further increased by the finding that changes in lean mass appear to correlate with changes in some cardiovascular parameters, including a correlation between small increases in carotid intima-media thickness (IMT) with larger muscle mass (14, 15) . This finding opens the possibility that some of the cardiovascular changes that have been found in PCOS (16) , may simply be related to changes in lean muscle mass as well. In particular, carotid IMT has been found to be increased even in young women with PCOS (17, 18) and is generally believed to reflect the early appearance of atherosclerosis (19) . However, in most women with PCOS, the increase in carotid IMT is generally small and rapidly reversible with metformin (20) ; a finding that is uncommon in the general population (21) .
In this study, we measured lean muscle mass and carotid IMT in a large population of women with PCOS and matched controls. To evaluate lean mass, we used total body dual X-ray absorptiometry (DEXA), a methodology that permits a good assessment of the main components of body composition, including fat and lean mass (22) (23) (24) . We also evaluated the possible correlations between the lean mass and carotid IMT and assessed the possible influences of insulin and androgens.
Materials and methods

Subjects
Ninety-five women with PCOS (mean age 24.2G3 years, range 18-40 years, and a mean BMI of 27.6 G5.8) were evaluated consecutively; a total of 33 patients were obese (BMIR30), 31 were overweight (BMI 25-29.9), and 31 had normal weight (BMI 19-24.9). These women had been referred to the Endocrine Unit of the Department of Clinical Medicine of the University of Palermo because of symptoms of hyperandrogenism and were found to be affected by PCOS. The diagnosis of PCOS was based on the criteria of hyperandrogenism (clinical or biochemical) plus chronic anovulation and/or polycystic ovaries on ultrasound with the exclusion of adrenal enzymatic deficiencies, Cushing's syndrome, and tumors (25) . Clinical hyperandrogenism was defined by the presence of hirsutism. Hirsutism was assessed by FerrimanGallwey-Lorenzo scores with patients with scores R8 being considered as hirsute. Biochemical hyperandrogenism was defined as finding elevated levels of serum androgens (testosterone and/or free androgen index (FAI), and/or DHEA sulfate, which were above the 95% confidence intervals of a normal ovulatory population of women of similar age) (26) . Anovulation was defined as serum P!3 ng/ml. In patients with normal menses, at least two consecutive menstrual cycles were studied, and the finding of low levels of serum P (!3 ng/ml) in both cycles was considered as being consistent with the presence of chronic anovulation. Normal circulating levels of 17-hydroxyprogesterone (!2 ng/ml) were used to exclude the diagnosis of nonclassical 21-hydroxylase deficiency (26) , while clinical data and/or urinary cortisol assessment were utilized to exclude the diagnosis of Cushing's syndrome. Patients with androgen secreting tumors were excluded by not finding very high androgen levels (O2.5 times the upper normal range) or the demonstration of tumors by computed tomography (CT) scan or magnetic resonance imaging.
Ninety age-and weight-matched normal ovulatory women (aged 18-40 years, mean age 23.9G3 years, and mean BMI 27.5G3) were also studied and served as controls. The controls were selected on the basis of having no hirsutism or biochemical hyperandrogenism and normal ovulatory menstrual cycles, and were matched for age and body weight with the patients with PCOS. These healthy women were recruited from family members of hospital co-workers of the Department of Clinical Medicine of the University of Palermo. The presence of normal ovulation was assessed by the measurement of serum progesterone on days 22-23 of the cycle, when progesterone was tested and was O7 ng/ml.
The main objective of the study design was to match patients and controls not only by body weight, but also by body weight distribution so as to have a similar number of controls and women with PCOS in the subgroups of normoweight (BMI 20-24.9), overweight (BMI 25-29.9), and obese (BMI 30-49). Since we have found that in our population of women with PCOS in Palermo, Italy, these three different weight subgroups are equally represented (12), we planned to study at least 30 patients and 30 controls in each weight subgroup. In order to accomplish this, we consecutively included patients who had PCOS and divided them into these three subgroups based on BMI. For every ten women with PCOS in a particular weight subgroup who were studied, ten controls were selected and matched based upon body characteristics. The final number was slightly higher than the 30 anticipated in the overweight subgroup, and this subgroup was slightly larger. In all patients and controls, height, weight, and waist circumference (measured at the midpoint between the lateral iliac crest and the lowest rib margin at the end of normal expiration) were recorded and BMI was calculated in kg/m 2 . The design of the study included assessment of body composition, evaluation of carotid IMT, and measurements in fasting blood of testosterone, sex hormonebinding globulin (SHBG), insulin, and glucose.
Evaluation of body composition
In all patients and controls, body composition was determined by total body DEXA using a QDR Discovery Hologic instrument (2) . The following parameters were measured: total lean mass (g), total fat mass (g), trunk fat mass (g) and % trunk fat mass, total bone mass (g), and bone mass density (BMD). Because total lean mass is highly dependent on height, lean mass was expressed as total lean mass/height in cm.
The intra-coefficient of variation (CV) for repeated measures of body composition parameters was !3%.
Carotid IMT assessment
All women were examined in the supine position, with the head hyper-extended and turned away from the side being scanned. Scans were performed by an experienced ultrasonographer (R A L, Italy), blinded to clinical data, using a color Doppler (Vingmed System Five, GE, Horten, Norway) with a high resolution 10-MHz linear probe. Sonographic scans were obtained of the right and left common carotid artery and the carotid bifurcation bulb area from multiple planes (lateral, anterior oblique, and posterior oblique). Images were obtained from the distal portion of both common carotid arteries, 1-2 cm proximal to the carotid bulb, immediately proximal to the origin of the bifurcation. To simplify the scanning procedure, and because of the lesser stability of measurements of the internal and external carotid artery, these segments were not taken into consideration in the present study (19, 27) . The IMT of the posterior (far) wall of both common carotid arteries was measured as the distance between the junction of the lumen and intima and that of the media and adventitia (27, 28) .
Carotid IMT was measured during end-diastole from the B-mode screen. The mean IMT for each carotid was calculated as the average of ten measurements made in the right and left carotid arteries using electronic calipers. Ambient light and temperature were controlled throughout the procedure. The intra-CV for the repeated measurements of IMT was !7.0%.
Because carotid IMT is influenced by age, race, and sex (29) and very few data exist on normal and 'pathologic' IMT values in the young female population, values higher than the upper 95th percentile in our normal control population were considered to be pathologic (29, 30) . The threshold value for abnormally high IMT was found to be R0.90 mm, which is similar to that found in other studies when a relatively young population was studied (29, 31) , and is lower than that reported in studies involving males or older subjects (R1.00 mm) (29, 32) .
Assays
Between 0800 and 0900 h during the follicular phase (days 5-8), fasting blood samples for measurement of testosterone, SHBG, insulin, and glucose were obtained. FAI (33) and insulin resistance (by assessment of QUICKI) (34) were calculated.
Serum testosterone was measured by RIA after extraction and chromatography (35) . SHBG was measured by a RIA method using materials provided by Diagnostic Systems Laboratories, Inc. (Webster, TX, USA). Plasma glucose levels were determined by the glucose oxidase technique. Insulin was determined with a double antibody method using reagents obtained from Linco Research, Inc. (St Charles, MO, USA).
In all hormonal assays, the intra-assay CV was !6%, and the interassay CV was !15%.
Institutional review board approval was obtained, and all patients and controls gave written consent. All subjects were considered to be sedentary and were not dieting or receiving any medications. No subject received hormonal medications for at least 3 months before the study.
Statistical analyses
ANOVA was used for comparisons. Post hoc testing was carried out by Student's t-test with log transformation. Analysis of covariance was used to assess the role of insulin, insulin resistance, and androgens on correlations between body components and IMT. Pearson product moment correlation and stepwise multivariate linear regression analysis with forward selection were used to analyze correlations. P!0.05 was considered statistically significant. All data are expressed as meanGS.D.
Results
Women with PCOS had increased (P!0.01) waist circumference, testosterone, FAI, and insulin values and lower (P!0.01) levels of QUICKI when compared with controls (Table 1) . Analysis of body composition demonstrated that women with PCOS and matched controls had similar total fat quantity. However, women with PCOS had significantly (P!0.01) higher values of trunk fat, and % trunk fat in comparison with weight-matched controls ( Table 2 ). Lean mass was significantly higher in women with PCOS compared with the controls (Table 2 ). Total bone mass was similar in the groups and was remarkably close in values, each averaging w2100 g (Table 2 ). BMD was also almost identical in PCOS and controls (Table 2) .
Dividing women with PCOS on the basis of BMI, it was found that lean and overweight women with PCOS had slightly but not significantly higher lean mass compared with controls of similar BMI; obese women with PCOS had significantly higher lean mass compared with obese controls (331G32 vs 278 G28 g/cm, P!0.01).
Women with PCOS had significantly (P!0.01) increased IMT (0.61G0.18 mm) in comparison with both weight-matched controls (0.53G0.15 mm). Fifteen women with PCOS (16%) had values of IMT higher than 0.90 mm (representing the upper 95% confidence intervals of values in matched normal women derived from previous data (18)), while none of the controls in this study were found to have abnormally increased IMT.
Analyses of women with pathologic IMT values
The 15 women with IMT values R0.90 mm (mean IMT: 1G0.1 mm), compared with the other women with PCOS were of similar age (25G6 vs 24G3 years) and had similar BMI and waist circumference but significantly higher basal insulin, lower QUICKI, and higher testosterone and FAI (Table 3) . Analysis of body composition showed that women with pathologic IMT values had similar total body fat, but significantly higher % trunk fat and lean mass/cm (Table 4) . Three women with pathologic IMT values were lean with normal total fat, but also higher % trunk fat than is considered normal (O40%).
Correlations
The correlations of lean mass with body fat parameters and endocrine variables (PCOS subjects and controls) are depicted in Table 5 . Lean mass significantly (P!0.01) correlated with BMI, waist circumference, total and trunk fat mass, insulin, QUICKI, and FAI, but not with total testosterone. After adjustments for serum insulin or QUICKI, the lean mass correlation with total and trunk fat remained significant (P!0.01), while the correlation with FAI disappeared.
Lean mass also correlated with IMT (r 0.36, P!0.01). As depicted in Table 6 , IMT significantly (P!0.01) correlated with serum insulin and QUICKI, but not with fat parameters except for % trunk fat. IMT did not correlate with serum testosterone or FAI. After correction for serum insulin, the correlation of lean mass with IMT disappeared. However, when patients with abnormal values of IMT (O0.9 mm) were excluded, the correlation of lean mass and IMT remained significant (P!0.05) even after adjusting for insulin.
Total bone mass correlated significantly with lean body mass (rZ0.43, P!0.01) and with total fat mass (rZ0.29, P!0.05), but not with other parameters including insulin and testosterone.
When patients and controls were evaluated separately, in both groups lean mass correlated with BMI, waist circumference, total and trunk fat mass, insulin, QUICKI, and FAI, but not with total testosterone. In women with PCOS, IMT correlated with serum insulin, QUICKI, trunk fat, % trunk fat and lean mass, while in controls IMT correlated only with insulin and QUICKI. Table 3 Clinical and hormonal data in 15 polycystic ovary syndrome (PCOS) patients with pathologic intima-media thickness (IMT; R0.9 mm) and in 80 PCOS patients with normal IMT (!0.9 mm).
Patients with IMT in normal range
Patients with pathologic IMT 
Discussion
Our study has demonstrated that lean muscle mass is increased in women with PCOS compared with weightmatched controls. While in the past contrasting data have been reported, all previous studies determined the quantity of lean mass in lean women with PCOS (7-9). On the contrary, here we evaluated the most common phenotype of PCOS, namely women who were overweight or obese (mean BMIZ28) and found that lean mass was higher in PCOS than in age-and weightmatched controls. To be sure that the differences were not influenced by body height, the lean mass was expressed as total lean mass/height in cm but this, also, was significantly higher in PCOS compared with controls.
In our study, lean mass was highly correlated with altered fat parameters and to insulin and FAI but not testosterone. The correlations of fat and insulin with lean mass were partially independent of each other, suggesting that not only insulin but perhaps other factors in adipose tissue may play a role in increasing lean mass. Nevertheless, our study suggests that testosterone has a limited effect on lean muscle mass, at least in terms of total testosterone, and the correlation with FAI is likely determined by lower SHBG and elevated insulin. Accordingly, previous studies, which did not find increased lean mass in PCOS, could be explained by the study of only lean women with PCOS having little or no insulin resistance (7, 9) . The only study that evaluated lean mass in hyperinsulinemic women assessed a particular population of very young hyperandrogenic lean women (10) . Consistent with our data, Glintborg has recently reported that in women with PCOS, lean mass is reduced by pioglitazone, an insulin-sensitizing drug that decreases insulin levels (36) .
Finding an increased lean mass in women with PCOS may be important because muscle is one of the main targets for the effects of insulin, and metabolic effects of insulin and insulin resistance are partially dependent on the quantity of muscle mass (13) . The increase in lean mass may also influence the cardiovascular phenotype of the patients. It has been shown that in the general population, small increases in the carotid IMT, a factor that is generally considered a sign of vascular damage and atherosclerosis, may be merely the consequence of an adaption of the cardiovascular system to an increased lean mass (14, 16) . In fact, changes in cardiac output are seen in these conditions which in turn may be associated with small increases in IMT (14, 15) . Similar correlations were found between total and trunk fat and IMT suggesting that different body constituents (both fat and lean mass) may have a role in determining increased IMT. Clearly, we are aware that merely finding a correlation does not necessarily mean that there is a causal relationship; prospective investigations will be necessary. However, our study does suggest a possible role for different body constituents in modifying carotid IMT.
In PCOS, several studies have shown increased carotid IMT (17, 18) and have been considered to be a sign of the early development of atherosclerosis in these women. However, current evidence suggests that cardiovascular events in PCOS are only slightly increased (37) (38) (39) and there is a discrepancy between the common finding of increased markers in early atherosclerosis and the development of cardiovascular events. In addition, it has been shown that increased IMT in young women with PCOS may be rapidly reversible with metformin (20) , a finding that is different from that found in the general population (21) .
Our study showing a correlation between increased lean and fat mass and increased carotid IMT, suggests, therefore, that changes in body composition may be at least partially responsible for the observed increase in carotid IMT in PCOS. It is important to note that this is not to refute the notion that some women with PCOS An important finding in this study is that women with PCOS who have pathologic IMT values have more significant abdominal obesity and more severe abnormalities related to PCOS. Also lean mass was higher in women with PCOS who had pathologic IMT values, suggesting that in these women body composition may be modified by more severe insulin resistance and androgen excess. These women were more commonly found to be obese (although three were not) and we found an increase in % trunk or abdominal fat in all these women.
More data are needed, but the data at hand suggest that in young women with PCOS, a clear distinction should be made in the findings of increased IMT. In the majority of women, this finding may be an adaptive change, while in others it may have a more ominous connotation. Our data suggest that the finding of abdominal obesity (% trunk fat of O40%) may be a marker of this abnormality.
In conclusion, our data suggest that patients with PCOS have an increase in lean mass that is highly associated with hyperinsulinemia and altered fat parameters, and less so with androgen; it may be correlated with some changes in carotid IMT, which may not have a particularly significant pathological consequence. However, in a minority of women with PCOS, 16% in this study, abnormal or pathological increases in IMT may be found. This group of women with significant increases in carotid IMT measurements may require more rigorous assessment and possible treatment.
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